up from the tip to the base, without any folding of the tooth surface. In an attempt to cast further light on this subject the early development of the fangs was followed in a pit viper, Trimeresurus albolabris, using the expression of Sonic hedgehog (Shh). We demonstrate that the canal is indeed formed by an early folding event, resulting from an invagination of epithelial cells into the dental mesenchyme. The epithelial cells proliferate to enlarge the canal and then the cells die by apoptosis, forming an empty tube through which the poison runs.
snakes are the most effective venom-delivery structures among vertebrates and have been the focus of scientific interests for more than 200 years. Despite this interest the questions of how the canal at the centre of the fang forms remains unresolved. Two different hypotheses have been suggested. The mainstream hypothesis claims that the venom-conducting canal develops by the invagination of the epithelial wall of the developing tooth germ. The sides of this invagination make contact and finally fuse to form the enclosed canal. The second hypothesis, known as the ''brick chimney'', claims the venom-conducting canal develops directly by successive dentine deposition as the tooth develops. The fang is thus built up from the tip to the base, without any folding of the tooth surface. In an attempt to cast further light on this subject the early development of the fangs was followed in a pit viper, Trimeresurus albolabris, using the expression of Sonic hedgehog (Shh). We demonstrate that the canal is indeed formed by an early folding event, resulting from an invagination of epithelial cells into the dental mesenchyme. The epithelial cells proliferate to enlarge the canal and then the cells die by apoptosis, forming an empty tube through which the poison runs.
The entrance and discharge orifices at either end of the canal develop by a similar invagination but the initial width of the invagination is very different from that in the middle of the tooth, and is associated with higher proliferation. The two sides of the invaginating epithelium never come into contact, leaving the orifice open. The mechanism by which the orifices form can be likened to that observed in reptiles with an open groove along their fangs, such as the boomslang. It is thus tempting to speculate that the process of orifice formation in viperids represents the ancestral pleisomorphic state, and that enclosed canals developed by a change in the shape and size of the initial invagination.
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1.Introduction
The venom-delivery system, based on the production of toxic proteins by oral glands, is thought to have evolved only once during reptile evolution, in the clade Toxicofera, consisting of snakes, anguimorph lizards and iguanians (Fry et al., 2006) . Snake venom is produced by specialised venom glands located in the upper jaw and is associated with fangs. are specialised long teeth that contain either a superficial groove, along which the venom runs, or an enclosed canal, down which the venom flows inside the tooth, and are located on the maxilla (Edmund, 1969) . In extant Toxicofera, teeth with a groove are present in helodermatids (anguimorpha) such as the Gila monster and Beaded lizard, and in some colubrid snakes. Such grooves can be associated with both front and rear fanged snakes (Boulenger, 1896 (Boulenger, , 1915 Kardong, 1980) . Fangs with internal canals are present in viperid, elapid and atractaspid snakes and represent the pinnacle of venom injection (Kochva, 1978; Bogert, 1943; Kochva and Meier, 1986) . In venomous colubrids and elapids the poison fang is attached to a fixed maxillary bone, so that it is always erect. In viperid snakes (Viperinae and Crotalinae), where the poison fangs are the only teeth attached to the maxilla, the maxilla is capable of rotating. This allows the fang to be erected in the event of an attack, or laid parallel to the jaw when in the relaxed state (Tomes, 1876; Kardong, 1974) . A similar complex of rotating maxilla with firmly attached fang is also present in atractaspids (Kochva, 1987; Underwood and Kochva, 1993; Deufel and Cundall 2003) .
We have focused our study on viperids in which the complex of movable maxilla and elongated fangs have no match in sophistication and efficiency among poisonous snakes. The viperid front fang was described in detail by Klauber (1939 Klauber ( , 1956 ) using Crotalus sp. and Sistrurus sp. (rattlesnakes). The fang contains a central canal for venom conduction. This canal communicates with the outside through two orifices that are situated on the ventral tooth side. The entrance orifice develops at the fang's base and is connected with the venom duct of the venom gland. The discharge orifice is situated at the apex of the fang and its function is to inject venom into prey. In viperids, the surface of the fang on the anterior side, in between the entrance and discharge orifice, is smooth. In contrast, in elapids and atractaspids an anterior suture line connects the two orifices, although the venom canal is still enclosed (Bogert, 1943; Kochva and Meier, 1986; Jackson, 2002 Jackson, , 2007 .
The fangs of poisonous snakes have fascinated scientists since the 19th century and it is, therefore, surprising that questions about their evolution and development still remain unresolved. So far all research on fangs has been limited to histology or SEM microscopy, with no molecular data available. From such data two hypotheses have arisen to explain the formation of the venom-conducting canal. The first theory, and the one that appears in most text-books on the subject, claims the venom-conducting canal forms through the infolding of the epithelial part of the fang surface (Tomes, 1876; Kochva, 1963; Edmund, 1969; Haas, 1980; Trevor-Jones, 1987, 1995) . According to this theory, the first sign of canal development is the formation of a groove along the developing fang. This groove is successively deepened and finally the lateral sides of the groove fuse, creating a central canal. The suture line present on the fangs of Elaphids and Atractaspidids was thought to provide evidence for such a process. This theory briefly explains the transition from fangs with simple grooves to enclosed fangs with suture line, to the smooth surface between orifices observed in viperids. The second hypothesis is known as the ''brick chimney'' (Bogert, 1943) . This theory claims that the venom-conducting canal is formed directly, in a similar manner to building a chimney, by the deposition of dentine to the end of the developing fang, as it forms from the tip to the base (Klauber, 1939 (Klauber, , 1956 Bogert, 1943) .
These two hypotheses were recently tested by a comparison of fang development in viperids and elapids (Jackson, 2002) . This study, based on SEM, measured the discharge orifice in Bitis arietans (Viperidae) and Naja melanoleuca (Elapidae) in the adult and during embryonic development. In all specimens examined, and in both species, the fangs developed by the addition of material to their base, with no folding inwards of an ungrooved tooth (Jackson, 2002) . This data therefore support the ''brick chimney'' hypothesis. Previous papers supporting the infolding theory were predicted to be based on a misinterpretation of histology sections, due to sectioning through the orifices, rather than the main fang (Jackson, 2002) . As pointed out by Jackson, however, evidence for the brick chimney hypothesis is restricted to visualising mineralised tissue and infolding might occur at an earlier stage.
To further address this question, we have turned to molecular biology and investigated the expression of Sonic hedgehog (Shh) in developing fangs of the asian pit viper, Trimeresurus albolabris. The presence of multiple sets of replacement fangs allows for a temporal sequence of fang development to be viewed in one specimen. The dynamics expression pattern of Shh can therefore be viewed as the fangs develop. We have focused on the venom-conducting canal of viperids due to their basal phylogenetic position relative to other snakes with venom-delivering teeth (Vidal et al., 2007) .
Sonic hedgehog plays a crucial role during development of a number of parts of the embryo, including the tooth (reviewed in Chuong et al., 2000) . In the mouse tooth, its expression is highly restricted to epithelial cells of the developing tooth germ, from thickening of the dental epithelium to expression in the developing ameloblasts (Bitgood and McMahon, 1995; Koyama et al., 1996) . In vitro evidence has indicated that Shh has a mitogenic function and may be responsible for the localised proliferation observed at sites of dental development (Cobourne et al., 2001) . In keeping with this, addition of Shh protein at early stages of development, can lead to the formation of ectopic tooth buds (Hardcastle et al., 1998) , and loss of Shh leads to an arrest of tooth bud development at the thickening stage (Cobourne et al., 2001) . Shh also plays a later role in epithelial cell survival, and is one of the signalling factors, expressed in the enamel knot (Vaahtokari et al., 1996; Cobourne et al., 2001) . Conditional loss of Shh signalling in the developing tooth leads to loss of polarity and organisation of the ameloblasts, and underlying odontoblasts, indicating a central later role in development of the inner enamel epithelium and its neighbouring tissue (Dassule et al., 2000) . This knowledge thus provides a strong background for the examination of developing dental structures in a non-model vertebrate species. The expression of Shh has been recently described in a non-venomous snake, the python, and closely matches the expression of Shh in the mouse, with expression restricted to the epithelial tissues of the tooth at all stages investigated (Buchtova et al., 2008) . At the cap and bell stage Shh is expressed in the python inner enamel epithelium and stellate reticulum-like cells of the tooth. We have therefore used this detailed expression pattern to compare the expres-sion of Shh in normal snake teeth of the lower jaw with its expression in developing fangs, and have uncovered evidence supporting the infolding theory of canal formation.
Results

The morphology of the fully formed fang
The fully formed front fangs of T. albolabris are long and conical with a curved shape and when relaxed are found tucked into the upper jaw (Fig. 1A) . The outer tooth encapsulates the mineralised venom-conducting canal that passes through the fang from its base and terminates slightly before the fang's tip. The ends of the venom-conducting canal are in contact with the outside through two orifices that are situated on the ventral side of the fang. The entrance orifice, which connects with the poison gland duct, is situated at the tooth base and the discharge orifice, which injects poison into the prey, is situated under the tooth tip. The fang surface in between these orifices is smooth, without any evidence of a connecting suture line, which might indicate that infolding of the tooth had occurred (Fig. 1B-D) . Eight calcified fangs are visible in one half of the upper jaw each at a different stage of development (Fig. 1E ). Only one tooth is functional and ankylosed firmly to the maxilla ( Fig. 1E and F) . The seven remaining fangs form a replacement series. As has been previously reported by SEMs, mineralization occurs from tip to base, with the discharge orifice emerging already formed as the mineralised layer is laid down (Fig. 1E) (Jackson, 2002 (Jackson, , 2007 . In sections, it is clear that the venom-conducting canal does not sit freely within the fang papilla, but is found towards the ventral side of the fang, anchored to the outer layer by a line of dentine (Fig 2A and B) . This connection has a lamellar-like character and is composed of two fused dentine layers. This fusion is clearly visible in section as a suture that runs perpendicular to the fang wall (Fig. 2C) . The depth and width of this lamella is not constant along the length of the tooth. In the area immediately bordering the orifices it reduces in size, ultimately leaving the canal abutting the fang wall ( Fig. 2D ). In the oldest fang in the series the canal is empty ( Fig. 2A and B ), but in the replacement fangs the central canal is full of cells ( Fig 2D) . 
From cap to late bell: the pattern of Shh expression
The first stages of fang development are very similar to that of the rest of the dentition, following the progression of thickening, bud, cap and bell stage (as described in the python (Buchtova et al., 2007) . During the cap stage three morphologically and functionally different layers are visible in the oral epithelium (enamel organ): the inner enamel epithelium (IEE), the outer enamel epithelium (OEE) and an intermediate layer in between which has been likened to the stellate reticulum (Buchtova et al., 2007 (Buchtova et al., , 2008 . The IEE and OEE connect at the developing cervical loops that grow down around and enclose the dental papilla. The cells of the IEE express Shh at the late cap stage. This Shh expression is initially weak and observed only in the top of the tooth germ, which will form the tip of the developing fang (Fig. 3A) . During the early bell stage the IEE cells start to differentiate into ameloblasts in a tip to base direction. The expression of Shh follows this wave of differentiation, with high levels of Shh associated with the differentiating cells (Fig. 3B) . Shh expression thus spreads from the tip of the tooth, progressing towards the base as the cells start differentiating. During the bell stage the layer in between the IEE and OEE becomes more prominent and has a more obvious reticular structure. As the cells start to terminally differentiate and produce mineralised tissue, Shh expression is lost, with Shh seen to retreat from the tip as it extends laterally along the growing tooth ( Fig. 3C and D) . The cells of the cervical loop at the base of the tooth, however, remain in an undifferentiated state and do not express Shh. A similar dynamic pattern of Shh as the IEE starts to differentiate and produce enamel is observed in the developing mandibular and palatal teeth (Fig. 3E-H) . At this point, however, the two tooth types diverge, the mandibular and palatal teeth become ankylosed to their respective bones, while in the fangs canal formation starts.
2.3.
Infolding of the inner enamel epithelium (IEE)
The first sign of venom-conducting canal formation is the invagination of the IEE into the mesenchyme of the dental papilla, viewed in sagittal ( Fig. 4A and B) and frontal section (Fig. 4C ). This invagination starts on the ventral side of the fang near the cervical loop area and stops at the point when the fang IEE starts differentiating into ameloblasts. This invagination is observed at different positions along the fang and is therefore not an artefact of sectioning only through the orifices. The invaginating IEE cells move deeper into the dental mesenchyme and form a loop of cells (Fig. 4D) . Hand in hand with this looping of the IEE the reticulate intermediate layer of epithelial cells also invaginates into the fang papilla and fills the space inside the IEE loop. As the loop forms the mesenchymal papilla cells adjacent to the invaginating IEE cells and the outer IEE cells start to line up around the loop and take on the rod-like morphology of odontoblasts (Fig. 4E) . This is first visible on the ventral side of the fang, the dental mesenchyme remaining undifferentiated on the dorsal side. As the tooth develops the two sides of the IEE come into contact at the base of the invagination and form a bilayer of IEE cells on the ventral side. The reticulate cells disappear where the IEE layers contact. The reticular cells, infilling the IEE loop, are therefore isolated from the reticular layer of the enamel organ by this bilayer (Fig. 4E) . The cells of the invaginating IEE are free of Shh at this initial stage of canal development, with just a few Shh positive cells found in the surrounding IEE on the ventral side ( Fig. 4F) . The invagination process and induction of odontoblasts differentiation by the IEE would therefore appear to be independent of Shh signalling. The level of proliferation in the fangs can be visualised using PCNA staining (Fig. 4G) . The early developing fang tooth germs contain a high number of proliferating cells in the mesenchyme and epithelium, with no obvious higher level of proliferation on the ventral invaginating side at this stage (Fig. 4H) .
Expression of Shh in the forming canal
The loss of reticular cells from the bilayer area is followed by the disappearance of IEE cells from this region. By this process the canal's IEE cells are isolated from the outer fang's IEE cells, causing the shift from a deep epithelial groove to an epithelium filled canal. It is at this point that Shh is first seen in the developing fang canal, concentrated on the ventral side of the canal, in both the IEE cells and the reticulate cells (Fig. 5A) . At the same time, Shh expression is observed around the ventral side of the outer IEE. This Shh expression in the IEE spreads from ventral to dorsal, with strong upregulation of Shh in the reticular cells (Fig. 5B ). This increase in Shh signalling coincides with an expansion of the canal, and an increase in the number of proliferating cells within the canal (Fig. 5D-F) . Shh is also observed in a ring of IEE cells around the outside of the tooth, which again correlate with high levels of proliferation ( Fig. 5B and E) . As the canal forms the level of proliferation in the fang epithelium is markedly higher than that in the mesenchyme. Loss of the IEE cells in the bilayer region results in the coming together of the two layers of odontoblasts. As these two odontoblasts layers secrete dentine, a band of predentine is deposited which forms the lamella anchoring the canal to the fang (Fig. 5C ). As dentine is laid down on both sides this produces the bilayer of dentine observed in the functional fang (Fig. 2C) . The IEE Shh positive cells in the epithelial canal and outer walls of the fang differentiate into the polarized ameloblasts with cuboidal shape and turn off Shh expression. At the same time, the expression is lost in the reticular cells within the canal (Fig. 5G) . Loss of Shh is again observed in a ventral to dorsal wave, with the dorsal cells being the last to lose Shh expression. Loss of Shh in the reticular cells within the canal is matched by a downregulation of proliferating cells in this region (Fig. 5J) . Once the ameloblasts have formed Shh turns off completely in both the canal and outer epithelial layer (Fig. 5H) . The synchronised nature of Shh expression in the outer IEE and canal IEE and the connection between the outer fang and inner canal can be clearly visualised in sagittal section (Fig. 5K) .
Role of apoptosis in canal formation
Once the venom canal forms, the cells at its centre need to be removed to create an empty tube along which the venom can travel (Fig. 2A) . Apoptosis has been shown to play an important role in shaping tooth development in mammals (Matalova et al., 2004) , and has been shown to occur in the developing snake tooth in the stellate reticulum-like cells underlying the inner enamel epithelium (IEE) at the cap and bell stage (Buchtova et al., 2007) . We therefore wished to investigate the role of apoptosis during venom canal formation. Apoptotic cells were found early on during cap stage development, in a similar position to those already described in the snake (data not shown) (Buchtova et al., 2007) . No apoptosis was observed, however, during the early stages of invagination of the canal, and significantly apoptosis appeared not to be responsible for loss of IEE cells in the shaft region of the developing canal (Fig. 6A ) (data not shown). High levels of apoptosis, however, were associated with later stages of canal development, after Shh expression has turned off in the canal. Apoptotic cells were observed to fill the central canal, clearing it of cells ( Fig. 6B and C) . Apoptotic cells were also observed around the tip of the fangs, perhaps involved with clearing a space to allow the fang to later emerge out from the oral mucosa (Fig. 6D) . 
2.6.
The entrance and discharge orifice and the pattern of Shh expression
The entrance and discharge orifices form in a similar manner to the venom-conducting canal, but the initial invagination site is much wider. This produces the classic crescent moon shape, often used to depict formation of the venom canal in text-books. The wide nature of the invagination means that the two sides of the infolding never come into contact and a separate canal is therefore not created. The depth and width of the IEE invagination is not constant in the orifices and there is a gradual reduction in width and increase in depth of the infolding, in the case of the discharge orifice, as the tooth moves from orifice to fang and a gradual increase in width and reduction in depth, in the case of the entrance orifice as the fang terminates. This can be followed in a series of sections (Fig. 7A-F) . As with the venom canal, the IEE cells express Shh, which is expressed in a wave from ventral to dorsal, with the Shh expressing cells of the epithelial folding continuous with the Shh expressing cells of the outer fang IEE (Fig. 7G and H) . PCNA staining is observed at a high level at the tip of the invaginating epithelial cells (Fig. 7I) . Such a discrete patch of proliferating cells was not evident in the main canal invagination (see Fig. 4G ). It is possible that proliferation in this region accounts for the wider shape of the initial invagination at the orifices.
Discussion
The development of the venom-conducting canal has several steps based on the process of invagination, cell differentiation and cell disappearance. Fangs are often lost during attack, which may explain why so many fangs are visible in a replacements series (Fig. 1) , when compared to the rest of the dentition, where around four generations can be viewed in section in the python (Buchtova et al., 2007) .
Fangs initially develop in a very similar fashion to the rest of the dentition going through the bud, cap and bell stages of development. It is at the bell stage, however, that an invagination is observed on the ventral side of the tooth. The IEE cells, and accompanying stellate reticulum-like cells of the intermediate layer of the enamel organ, fold into the dental mesenchyme of the tooth and after inducing odontoblast differentiation become isolated as a canal. How the canal IEE becomes separated from the outer IEE is unclear. The IEE cells in the bilayer region of the developing canal do not appear to undergo apoptosis, and may instead be pinched off into the canal. The odontoblasts surrounding the bilayer may play a role in this theoretical pinching off process by applying pressure on the bilayer as they differentiate. The odontoblasts around the disappearing bilayer, produce dentine, which forms a lamella connecting the canal to the outer fang. The canal is therefore anchored to the side of the tooth. This may act to stabilise the hollow canal by providing additional support during a strike.
The completely epithelial nature of the cells in the developing canal is demonstrated by the expression of Shh, which is only expressed within the epithelial tissues of the tooth (Dassule et al., 2000) . The presence of Shh thus provides molecular confirmation of the histological data, that infolding has occurred. The early stages of invagination, however, do not express Shh, indicating that Shh has no role in directing the first phase of canal development. No obvious difference between the levels of proliferation on the ventral and dorsal sides of the fang were observed, indicating that increased proliferation is not the driving force for the invagination. At later stages, however, Shh is expressed at high levels during the phase of canal expansion. Shh has been shown to act as a potent mitogen, increasing proliferation (Cobourne et al., 2001) , and thus it appears likely that it is performing a similar role in the stellate reticulum-like cells of the central canal. This is supported by the correlated increase and then loss of PCNA staining in the reticular cells in the canal. Shh also appears to play a role in controlling differentiation of the IEE, in both the outer layer of IEE and in the canal IEE, a similar role for Shh having been shown in mouse IEE cells (GritlLinde et al., 2002) .
Shh has also been shown to act as a survival factor during tooth development (Cobourne et al., 2001) and it is perhaps loss of Shh in the cells of the central canal which triggers their cell death through apoptosis. The apoptosis then clears the canal of cells, creating the hollow tube necessary for venom conduction. Whether the IEE cells of the canal fully differentiate and produce enamel is unclear. In our histology specimens enamel would have been removed during the decalcification process, and so cannot be accurately visualised. No canal enamel however, was observed using SEM (data not shown). Tomes reported that in viperids, although a thin band of enamel was produced around the poison fang, no enamel was produced within the canal itself (Tomes, 1876) . This would thus imply that the IEE cells of the canal fail to fully differentiate before being removed by apoptosis. In contrast, in elapids, such as Hydrophis the sea snake, enamel was observed lining the canal (Tomes, 1914) . Enamel formation in the canal of a viperid has also been indicated in the puff adder (Lake and Trevor-Jones, 1987) . The presence of enamel may therefore vary between species and be linked to the timing of the onset of apoptosis.
The dynamics expression of Shh shows a wave of differentiation within the tooth from the tip of the tooth towards the base, with mineralization following in the same pattern. The tooth thus appears built up from the tip, as has been previously described using SEMs (Jackson, 2002 (Jackson, , 2007 . Once the infolding process occurs, therefore, the hard tissue is laid down as described using the brick chimney hypothesis. Our sections also show that in addition to the tip to base wave of differentiation, there is also a wave of differentiation from ventral to dorsal. This has not previously been remarked upon but is evident in micro CT (Fig. 1E) .
The orifices develop by a similar invagination but the initial width of the invagination is very different from that in the middle of the tooth. The different shape of the invagination means that the two sides of the invaginating IEE never come into contact, leaving the orifice open. What is responsible for the difference in invagination between the orifice and canal is an interesting question. We have shown here that Shh signalling is not involved but many other signalling pathways play essential roles during tooth development and are potential candidates. A different pattern of proliferation was observed in the invaginating IEE cells at the orifices compared to the rest of the fang, this change in proliferation dynamic perhaps shaping the size of the forming invagination. The mechanism by which the orifices form can be likened to that observed in reptiles with an open groove along their fangs. Sections through the fangs of the boomslang, a back-fanged snake with grooved fangs, look highly similar to sections through the orifices of Trimeresurus (Lake and Trevor-Jones, 1995) . It is thus tempting to speculate that the process of orifice formation in viperids represents the ancestral pleisomorphic state, and that enclosed canals developed by a change in the shape and size of the initial invagination, which as such is an apomorphy. It would be therefore interesting to investigate the level of proliferation during initial invagination in a variety of species of fanged snakes. Canal and orifice development in the viper are summarised in Fig. 8 . This paper represents a first step in our understanding of the molecular signals involved in fang development and shows that venom fang formation uses a combination of the infolding theory and brick chimney theory to create the final functional fang.
4.
Experimental procedure
Specimens
Six specimens of one month old T. albolabris were analysed during the investigation. The specimen were anesthetised before the head was removed. All specimens originated from private breeders.
4.2.
Micro CT and faxitron X-ray imaging
Micro Computerised Tomography (Micro CT) and faxitron Xray imaging was used for the 3D description of tubular fang structure.
Histology
The heads of specimen were decalcified in 5% EDTA in 10% formaldehyde for several weeks at 4°C. Decalcification was checked using faxitron imaging. Specimens were subsequently dehydrated through an ethanol series, embedded in wax and sectioned as frontal or sagittal sections of 8-10 lm. Sections were stained with a trichrome stain (alcian blue, sirrus red and hemotoxylin) or eosin.
4.4.
In situ hybridization
Nonradioactive in situ hybridization was performed and the UTP were labelled by digoxigenin. A Python saebe Shh probe was used, which had been previously shown to hybridise to Shh in other snake species (Buchtova et al., 2008) . This was linearised with HindIII and transcribed with T7. Tissue sections were treated with 10 lg/ml proteinase K for 15 min and the hybridization was carried out at 60°C.
TUNEL
Terminal deoxynucleotidyl transferase-mediated dUTP nick end labelling was used to detect apoptotis DNA breaks in individual cells (In situ Cell death detection kit, Chemicon). The procedure was carried out as described in the producer's directions and converted using a vectastain DAB substrate kit (Vectalabs). Eosin was used to counterstain the sections.
PCNA
A Zymed PCNA (proliferating cell nuclear antigen) staining kit (Invitrogen) was used following manufacturer's instructions with the following additional modifications. After rehydration slides were treated for antigen-retrieval in 0.01 M citric acid in a microwave for 10 minutes, followed by 0.05% Trypsin in PBS for 2 min, 0.1% Triton for 10 min and 50 mM NH4CL for 5 min. Products of the reaction were visualised with diaminobenzidine (DAB) and counterstained with Eosin. Sections used were cut at 4-8 lm.
